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Titre du sujet de thèse :  Mechanisms of step-wise cohesin removal in meiosis to ensure the generation of healthy
oocytes

Résumé du sujet :
The generation of haploid gametes- spermatocytes and oocytes- requires the execution of two specialized cell
divisions, meiosis I and II. Especially female meiosis is highly error prone, with around 25% of oocytes being
aneuploid (which means that they harbor the wrong number of chromosomes), prior to fertilization. When fertilized,
the resulting embryos are not viable in most cases and spontaneously aborted. Only some trisomies are viable,
such as Trisomy 21, which in 90 % of cases is due to missegregation of chromosome 21 in oocyte meiosis. The
high error rate in female meiosis increases dramatically with maternal age. As couples tend to postpone first
pregnancy more and more in industrialized countries, the associated increase in maternal age has led to a dramatic
increase in trisomic pregnancies within the last decades.

To better understand why meiosis goes wrong so frequently in mammalian oocytes, we want to elucidate the
molecular mechanisms underlying segregation of the genetic material in meiosis I and II. For this PhD project, the
candidate will address how cohesin, the "glue" that is keeping sister chromatids together in meiosis I and II, is
removed in a stepwise manner by a protease named Separase. In meiosis, Separase cleaves the meiotic subunit
of the cohesin complex, named Rec8. Cleavage of Rec8 is enough to remove cohesin complexes from DNA. To be
able to separate chromosomes in meiosis I, cohesin has to be removed from arms, where recombination between
paternal and maternal chromosomes has occurred, but not from the centromere region. It is only in meiosis II that
centromeric cohesin is removed to allow the separation of sister chromatids, hence this fraction of cohesin is
protected from cleavage in meiosis I, and deprotected in meiosis II.

This PhD project will build on previous work from the group showing that phosphorylation of Rec8 by Aurora
kinases is required for cleavage of Rec8 by Separase. Additionally we have shown that Separase needs to cleave
an unknown substrate that is keeping sister kinetochores fused, in the first meiotic division for correct segregation
during the second meiotic division. Using mouse oocytes, the candidate will test the importance of Rec8
phosphorylation for step-wise cleavage in a knock-in mouse model that is currently being generated. Additionally,
the candidate will set out to determine whether the unknown Separase substrate required for kinetochore fusion
corresponds to Rec8 in mouse oocytes, and if yes, whether this fraction of Rec8 is regulated through
phosphorylation. If not, the candidate will set out to identify this unknown substrate with biochemical approaches in
an alternative model system such as frog oocytes.

Step-wise cohesin removal is a condition for generating fertilizable oocytes with the correct chromosome count.
Hence, the research described here will provide the fundamental framework for open questions related to oocyte
ploidy in reproductive biology and medicine.
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Projet ouvert à la mobilité :  Non

Candidat(e) préssenti(e) sur le projet :  Safia El Jailani / M2 : Master 2 Biologie Inte?grative et Physiologie -
Spécialité : Reproduction et De?veloppement

Projet présenté pour le concours d'attribution des contrats doctoraux 2021 :  Oui

Autre(s) financement(s) demandé(s) et/ ou prévu(s) :  Application pour un financement par la FRM, pré-
application soumise à l'école doctorale.

Cotutelle : Non

Collaboration en interface : Non

Accord pour la publication sur le site Web de l'Ecole Doctorale :  Oui
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